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1 . 


INTRODUCTIOiSF 


During this report period the principal efforts toward 
extending the understanding of the flexible wailed test section 
were directed at 

(i) further testing and data analysis with the standard 
airfoil model in low speed wind tunnels. 

(ii) completing the construction of the automated transonic 
test section. 

Testing in the low speed flexible walled tunnel was 
continued in an effort to e:^lain the reasons for data discrepancies 
at high angles of attack • This work was extended to include tests 
of the same model in the University’s large 7’ x 5* low speed tunnel, 
mainly to gather baseline wake information for comparison with 
measurements in the flexible walled tunnel. In addition, the flexible 
walled tunnel was used in a new operating mode to generate curved 
flow around the airfoil, allowing the extraction of purely rotary 
derivatives. 

The transonic test section was run for the first time during 
this report period/ although its operation is manual pending the 
delivery and cjoinmissioning of the computer. No significant operational 
troi±)les have been found during tests up to Mach 1.1. 

This report also contains some straight-;wall low speed 
pressure data, for walls and model/ which may be of use for checking 
interference correction methods. The ratio model chord to test section 
height is \musually large. 

Computer software is included. There are two complete sets: 
an old streamlining algorithm suitable only for low speed testing vzhich 
has been used as a check on our normal predictive algorithm, plus an 
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updated version of the Predictive algorithm with modifications 
designed to allow its use at compressible speeds with the new 
transonic test section operated in a manual mode. 

A PDP il~34 computer has been ordered for use with the 
transonic tunnel. The computer will have facilities for closed'^ 
loop operation. 
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2, WALL STl^AMLINS CHECKS 

Attempts have been made from time to time to account for 

the differences between the 0012-64 airfoil data taken in LTPT and 

the low speed self streamlining wind tunnel (SSWT) , particularly at 

high angles of attack^" ^ ^he method of streamlining used in the SSOT 

tests was the Predictive Method for Rapid Wall Adjustment^ which has 

4 

the advantage over the earlier method in requiring only a small 

1 

number of iterations. 

The question arose of whether the Predictive Method was 

becoming inaccurate at high angles of attack, and, therefore, an 

independent check has been made. The check was by means of the 

4 

application to the streamlined contours of the older method of analysing 
the wall imaginary- side static pressure distributions - 

The method is applied to each wall separately, and consists 
of reproducing the effective contour of the wall by the envelope of the 
flows from a set of two dimensional sources spaced along a line parallel 
to the test section axis. The inclusion of an estimate of the change 
of wall boiandary layer displacement thickness is optional. The BASIC 
programs for top and bottom walls are reproduced in Appendix A. This 
version of the method curve-fits the wall jack positions (which are 
unevenly spaced) to allow interpolation of the contour at regular 
2-54 cm (1-inch) intervals along the whole length of test section- In 
addition the imaginary field is constrained to follow streamwise 
extensions of the walls upstream and downstream of the ends of the tesu 
section by a further 25.4 cm (10 inches) - Sources (or sinks) are 
positioned along a straight line, each source mid-way between a pair of 
interpolated wall coordinates. The geometry is sketched on figure 2.1 
The whole of an imaginaiiry flowfield may he computed once a source set 
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has been determined ^ in practice the pressure on the wall is computed 
at points mid- way between sources and then compared with the 
measured test section pressure to test whether or not the wall is 
loaded. The routines have been extensively checked against exact 
two-dimensional potential flow streamlines* 

Computations of pressure differences across walls, that is 
the difference between real and imaginary pressures, were carried out 
for the three representative incidences of O, 6^ and 12^. The 
streamlined wall contours, real wall pressures and tunnel reference 
conditions were the input data, taken at the time of the SSWT test's 
4, 7 and 13 detailed on figure 2.1 of reference 2. As a measure of wal' 
loading, the average error in pressure coefficient Cp is presented 
for the twelve jack positions nearest to the model, six on each wall- 
Wall- induced flow errors at the model are most strongly' affected by 
wall loading in these areas. The average errors are:- 


a 


12 


o 


12 


0.0078 0.0178 0.0182 


The implication of these levels of loadings are put into perspective 
when it is appreciated that a uniform error along both walls assumed 
extended to infinity will induce a streamwise velocity error at the 
model and an associated error in pressure coefficient just equal to 
the pressure coefficient imbalance at the walls. ^?hile the residual 
wall loading after streamlining is inevitably finite, it tends to be 
randomly distributed and, therefore, one would normally expect the 
wall induced errors at the model to be smaller than indicated by the 
pressure coefficient errors given above. 
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The largest wall error is at a = 12 , where disparity 
between SSWT and LTPT airfoil data is most apparent • Therefore/ more 
was carried out at this angle of attach, continuing the streamlining 
process through more iterations. It was found that no significant 
improvement could be made in the matching of real and imaginary flows, 
also that the airfoil pressure distribution (which was being monitored 
throughout) was not affected significantly by the minor changes in 
wail position. It is, therefore, concluded that wall streamlining by 
the Predictive Method is satisfactory.- Differences in the airfoil 
behaviour in the two wind tunnels must be accredited to some other effect 
perhaps to sidewall boundary layer effects or wake-wall interaction 
(See section 4) . 

The assessment of wall induced flow errors at the model has 
not so far been as logical as it might. We are modifying our methods 

Q 

along the lines developed by Kemp and will present in the n^t 
progress report the assessments of blockage, angle of attack and camber 
which are induced at the model by the residual levels of wall loading. 

One point which was apparent in the work covered by this 
section was a feature which has been noted before but which is quite 
remarkable cind will stand repetition. This is that even though the 
tunnel user in no way pre-detennines the wall shapes which are to be 
employed, the shapes derive from measurements solely at the walls, 
during the streamlining process the lower (pressure) wall sometimes takes 
on the unmistakable imprint of the airfoil. See the contours plotted 
on figure 2.2. Presumably the imprint is present on the upper wall 
also but is less apparent because there are fewer inflections, and 
because with lift the lower wall moves toward the airfoil, the upper 
wail away. 
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3. 


SSWT STRAIGHT mLL DATA 


The effects of wall streamlining were illustrated in an earlier 

Progress Report^ for example by comparing normal force coefficients measured 

with straight and streamlined walls* The airfoil was 0012-64 sectioned with 

a 13.72 cm (5.4 inch) chords tested in the low speed SSWT having a nominal 

test section depth of 15.24 cm (6 inches). The force coefficients were 

determined from measured pressure distributions around the centerline of 

the 30.48 cm (12 inch) airfoil span. There were simultaneous measurements 

of pressure along the top and bottom wall centerlines of the test section. 

In the streamlined- wall cases the wall pressure distributions are used as 

checks on the accuracy of the streamlining. The wall pressure data taken 

with straight walls can be used as initial inputs to streamlining 
3 4. 

algorithms ' * However, the data has more general usefulness because the 
ratio of airfoil chord to test section depth at 0*9 is unusually high. The 
straight wall interference is, therefore, higher than usual, and the main 
reason for presenting the data is because the airfoil and perhaps wall 
pressure data can be used as severe test cases in the evaluation of wall 
interference correction methods. 

At this point a word of caution should be noted which arises from 
what could be regarded as a fine detail of ^straight wall testing of any 
Icind. The normal practice in any wind tunnel is to diverge the test sectio: 
walls slightly in order to compensate for the growth of wall boundary layer 
In advance of the tests reported in this section the walls of SSWT were 
adjusted to give constant velocity along the empty* test section at' the 
correct unit Reynolds number. With the model present the perturbations 
in boundary layer thickness on the top and bottom walls produce boundaries 
which are not effectively straight. The notion is discussed in reference 4 
and is illustrated on figure 18 (a) to Cc) of that reference. In order to 
produce effectively straight boundaries in the presence of the model the 
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walls should be moved to compensate for changes in displacement thickness. 
This was not done* The cautionary note is raised because correction 
theories are based on the assumption of effectively straight boundaries* 
The airfoil pressure distributions are given on figures 3*1 to 
3-13 for the angle of attack range +12^ to -6^* The test Mach number was 
about 0*1/ and the chord Reynolds number in the range 285,000 to 290,000. 
The force and moment coefficients quoted on each figure are derived from 
the integrated pressure distributions. The corresponding top and bottom 
wall centerline pressure distributions are shown on figures’ 3.14 to 
3.17. 
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FURTHER LOW SPEED AERODYNAMIC WORK 


There has been a continuing effort to improve the understanding 

1 2 

of previously reported low speed aerodynamic . data ^ obtained on a NACA 
0012-64 section in SSWT. In cximparison with the LTPT reference data there 
seem to be angle of attack' errors present small with an unstailed airfoil 
and large when stalled. There are of course other possible reasons for 
discrepancy/ including inadequate streamlining although the v^ork of section 
'2 above had gone some way toward removing doubts of this kind. However/ it 
was conceivable that the walls were impressing an incorrect flow pattern on 
the model. While this flow pattern was not correct it was nevertheless 
apparently- correct when judged by wall measurements' alone* 'It was/ 
therefore, decided to gath^ more information on the ‘’free air‘* performance 
of the airfoil/ specifically wake measurements, for comparison with SSV7T 
measurements. 

Wake surveys were made on the NACA 0012-64 section of 13.71 cm 

(5.4 inch; chord and 2-22 aspect ratio 'in SSOT at a - + 12^, +6*^/, and 
0 

-6 and at a chord Reynolds number of approximately 287/000. The SSWT 

flexible walls were set straight and also streamlined. 

Tests were also carried out in the Low Speed 2.13 metre x 1.52 metre 

(7ft. X 5ft) Wind Tunnel (7x5) an Southampton University using the same 

model but with two 30.48 cm (1 foot) wing extensions and small end plates 

as shown in figure 4.10. Note that the model is mounted upside down relative 

tO' LTPT tests. This wing model of span *91 metre (3 feet) and 6.66 aspect 

0 0 

ratio was tested through the angle of attack range O to - 12 at the 
maximum sustain^le Reynold’ s number of approximately 236,500. Positive 
angles of attack runs were not attempted due to poor surface contours o; 
one wing extension. The choice of a kept the faulty surface to the pressure 
side- With a test section height to chord ratio [ ^/c] of 11.1, LSOT 7x5 
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results are assumed to be interference free. Note SSWT /c = 1.1. 

Transition strips were fitted to the models at all times. 

The velocity defect in the v;ake was measured with a static 
probe and Kiel probe of standard design. The traversing plane was 1.25 - 
chords downstream of the model trailing edge and 2.28 cm ( .9 inch) to the 
side of mid span. Tunnel reference pressures were taken upstream of the 
model in SSWT and in line with the model for 7 x5 tests. Form drag was 
calculated by numerical integration of the wakens momentum defect (See 
pages 35^ -- 365 of reference 7) . 

SSWT tests at a = +12^ reveal a large wake due to flow separation. 
Streamlining of the walls allowed the vrake to expand r possibly with earlier 
separation on the airfoil ^ until it practically filled the tunnel from 
floor to ceiling (See figure 4.1). The extent of the wake was surprising 
and may have been enhanced by sidewall separations. Interaction of wake 
and flexible wall boundary layers would nullify any attempts to stre^line 
the walls downstream of the model- This discovery may account for the 
discrepancies in data at, high angles of attack- Presumably for all points 
downstream of the measuring planer in the "streamlined wall” case nowhere 
in the test section is there a region of potential flow. The flowfieid is 
very roughly as sketched on figure 5(a) of reference 4.> 

In order for the streamlining criteria to be valid it is a 
requirement that the flow just outside the flexible wall boundary layer be 
irrotational . Therefore, the "streamlining”, at the higher angles of 
attack may be invalid. This experience suggests that the flow at the 
downstream end of the test section should be monitored to test for the 
existence of two potential zones between the wake and wails. 

SSWT tests at lov/er values of a show more acceptable wake profiles. 
For a = +6^ the wake occupies only 17% of the test section, height at the 
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traversing plane and experiences a small vertical displacement with 
streamlining (see Figure 4 , 2 ) . Straight wall data for a = O^and 6° 
shows the extent of flow pert\irbations in SSWT (see 'Figure 4.3) ♦ 

These are considered acceptable. Note that streamlining of SSWT removes 
any free stream velocity error due to wake blockage which is present with 
straight walls, signifying the elimination of blockage interference 
(see Figure 4.2) . 

0 0 

Comparisons of 7 x 5 and SSOT wake profiles for a = 12 and 6 

are made in figures 4.4 ~ 4. 5. The 7x5 data shows some flow velocity 

0 

anomolies particularly at a^“ 12 , due to inherent tunnel faults. For 

both values of a the wake is displaced vertically by a small amount in 

0 

SSWT con^ared with 7x5- For a = 6 , correction for the freestream 

velocity error in 7 x 5 data reduces to 0.0246 improving comparison 

o 

with SSWT results- Unfortunately, few conclusions can be drawn from these 
comparisons since a is set geometrically and also the model was a different 
way up in each series' of tests. 

Integration of wing pressures round the mid span point produced 
the lift coefficient data plotted in figure 4.6.IiTPT and 7x5 data are 
compared, with positive and negative angle of attack data shown together 
due to a paucity of high negative a LTPT data. Figure 4.7 shows a 
comparison of LTPT and 7x5 model pressure distributions for a* = 6^and 12°. 
The suction peak is the area of major difference for both a. For a = 12° 
the 7x5 tests reveal a similar pressure distribution to SSOT results. For 
a = 6°, the 7x5 data has the appearance of a lower effective -angle of 
attack, also the LTPT data has a very localised suction peak which is 
sensitive to Reynold's nimiber ( see Figure 4.8} 

There are several approaches to analysing the 7x5 data- Firstly, 
consider the raw data. For a < 8° there is a reduction in lift curve slope 
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due to classical finite span effects^ This is illustrated by fitting 

least square curves to all the available sets of Cj^ data in the. a range 
0 o 

+8 to “8 . The slopes are:- 


Data Source 

SSWT Streamlined- 

Wall R ~ 287,000 
c 

MPT 265,000 

LTPT R 285,000 

c 

LTPT R “ 315,000 
c 

7x5 236,500 


Slope per radian 


4.767 

4.916 

4.847 

4.625 

4.062 


The three sets of LTPT data are plotted in Figure 4.8. 

A correction to the aspect ratio to account for end plates was 

applied to the 7x5 model^ by assuming elliptical loading over the 

corrected model's span giving a corrected lift curve slope of 4.904 per 

radian. This compares favourably with the lift curve slope of 4.916 for 

MPT data at the closest Reynold's number of 265,000* 

*, 0 

Surface flow visxaalisation on the 7x5 model for a == --6 and ~ 12 
is shown in Figure 4.10. At a = -6° flow was ^mifor^l over the entire 
span on both model surfaces, but at a - 12 the separated flow region on 
the suction surface had some strong three-dimensional components as could 
be expected with the . shallow' end plates. The flow pattern is symmetrica 
about the mid span point . 

A second approach to 7 x 5 data analysis nught be to correct a 
by matching C from the LTPT and 7x5 tests, and then to compare values 

Ju D 

Thirdly, an effective 7x5 model aspect ratio could be found 
which eliminates any lift curve slope errors. A downwash correction could 
then be calculated for. a finite span wing with no end plates. The 
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effective angle of attack would yield new values of C_ for comparison* 

These two approaches have yet to be attempt ed» 

Work to correct SSWT angle of attack is continuing with an 

investigation of wing tip loading to allow the application of a 

downwash correction at raid span. 

Unfortunately, has not been matched in all SSWT, 7x5 and 

MPT tests. The effects of these differences are ambiguous. Variation 

of with for 7x5 tests at a = -*12^ was as e^^pected, that is a 

gradual increase of C-j^ with as shown in Figure 4.9. But the data 

shows no clear trend with R , similar to LTPT data. Note that in LTPT 

c 

the lift reduces with increase of R at a = + 

c — 

Force data was taken on the 7x5 model but this has yet to be 
fully analysed. 
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5 . 


SIMULATION OF STEADY PITCHING 


The range of flows which can be generated in a flexible vralled 

wind tunnel has been extended by curving the test section axis in order to 

simulate steady pitching of the model* The bases for this type of testing 

9 

were laid down by the users of the Langley Stability Tunnel . 

The ideal test section would have these features 

(1) be curved along its centerline 

(2) contain forced vortex flow 

(3) have streamlined v;alls to eliminate wall interference* 

The Langley Stability Tunnel had 1 and 2 above? the tests in SSWT with a 
high blockage model (0012'*64 with /h = 0*9) had features 1 and 3* It 
should be noted, however, that as there was no streamlining' criterion 
available at the time/ the policy was adopted of curving streamlined wall 
contours which had earlier been determined in non-pitching tests* The 
walls may, therefore, not have been cxirved to proper streamlines in pitching 
flow. 

The test section axis was arced about an axis below the airfoil 

quarter-chord point, with several radii of curvature to simulate various 

negative values of pinch rate* The jacks immediately above and below the 
c - 

/4 point were not moved, therefore the test section was pulled down by 

varying amounts particularly near the ends* Curvature in the adapter 

sections (upstream of jack 1, downstream of jack 16) took up the local 

misalignment between the walls and the fixed contraction and diffuser* 

The test section and model are sketched on the right of Figure 5.1, 

showing straight and curved test sections* The test data is presented in 

the form of the changes in the normal force and pitching moment 

coefficients and respectively, as functions of the measure of pitch 
a . 

rate ' Data was taken at two angles of attack* Forces and moments 
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ffere determined from integrated airfoil pressures. Plotted over the 
data are lines which show the variations of Ac^ and AC^.with 
predicted by thin airfoil theory. The agreement between theory and 
experiment is encouraging despite the several recognized v:eaJcnesses in 
the test arrangement. 
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6 . 


TRANSONIC SSLF-STREAMLINING WIND TUNNEL (TSWT) 


6>1 FIRST RUNS 

The new test section for the transonic induced flow tunnel was 
completed during this report period* Two photographs are included, 
figures 6*1 and 6*2. Figure 6.1 shows the test section region with ths 
near sidewall partly disassembled, and an airfoil model in position* 

Much of the test section instrumentation is visible* Running off to tl 
left of the figure are wiring harnesses from Scanivalve transducers, 
stepper motors and linear potentiometers to readout and control equipmeni 
just off the picture. . 

Temporarily the jacks are being motored individually. The jacki 
are switches electable and as each is selected the output of its position 
rneasuring' potentiometer is displayed digitally. The initial exercising 
of the jacking mechanisms has shown that at the closest jack spacings 
sufficient wall curvature can be generated before the motors stall. Early 
tests with a jack prototype^ had shown that the walls could not be 
damaged by a jack motor at stall torque. 

Figure 6.2 is a close-*up of the .central region of the test section. 
The near sidewall sections are removed and constructional details are 
clearly visible. The details can be related to the drawings on figures 5* 3a 
to 5- 3d of reference 2. 

The initial wind- on tests have been carried out with an empty 
test section, merely to es^^lore the upper Mach number limit* For this 
purpose a throat was produced by the upstream jacks, and a Mach number of 
1*1 reached with ease along the remaining length of the test section. Some 
minor leaks were revealed, through small gaps in sideplates, which were 
being corrected at the. end of this report period 
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The next series of wind-on tests will be aimed at streamlining 
the walls with an empty test section and at various Mach numbers up 
to about 0,8. Present experience has shown that a continuous run time of 
about 3 minutes is available at M = 0.8. This time should be sufficient 
for fully automatic wall streamlining ^ wind on. 
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6,2 TRANSONIC SELF- STREAMLINING WIND TUNNEL CONTROL SOFTWARE 

2 3 

The wall setting algorithm described in previous reports ' 
has been linked with a manual control system for TSWT, The basis of the 
control system is exactly that for SSWT, 

An iteration process starts V7ith the sampling of wind tunnel 
pressures. This data is fed manually to the control system software and 
analysed* The wall setting output is then used to manually reset the 

tunnel walls. The procedure is repeated until streamlining is achieved. 

2 

2ilte rations to the SSWT control software included detailed 
changes of data input and output and the introduction of compressible 
correction terms in the wall setting algorithm. Also the TSWT control 
software has been generalised. 

Linearised compressible flow theoiy' yields the compressibility 
factor g • By scaling wind tunnel wall pressure coefficients and ordinates 
by the term / all flow calculations can be treated as incompressible for 

sub--critical Mach numbers up to about 0.8. This scaling 

is included in the TS5vT control software^ with a compressibility correction 
to tunnel dynamic head q. This has the form 

q ^ . 

“ = 1 + ■^/4 + /40 M** + . . . 

qj 

from isentropic flow theoiry. 

The format of the data input now accommodates Scanivalve pressure 
transducer data. A check of the four pressure transducer calibrations 
is performed with each ^tunnel' run. 

Wall setting output is in units of volts, since the TSWT wall 
position is monitored by linear potentiometers. Integrated wing pressure 
forces are computed with each program run using subroutine LIFT which is 
a standard wing pressure analysis program. 
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The complete TSOT control software is In Appendix B* 

Its link with the TSlvT scanivalve svstem and jack control system vrill 
reduce the wall streamlining time to less than the previous SSWT best 
of 240 minutes* During 1979 the TStvT control system loop will be closed^ 
with further large reductions in the time to streamline. Further software 
development will involve the breakdown of one main program into managable 
subroutines- One possible configuration of the closed loop control 
software is as follows: 


File Type 


Function 

Main Program 

Control and sequence subroutine calls 

Subroutine 

1 

On-line data aquisltion 

Subroutine 

2 

Data input presentation 

Subroutine 

3 

Wall setting calculations 

Subroutine 

4 

Residual error analysis 

Subroutine 

5 

Wing forces calculations 

Subrontins 

6 

‘Wall movement control 

Subroutine 

7 

Data output presentation 
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7. 


PRINCIPAL CONCLUSIONS 


1. Checks on the Predictive Method for Rapid. Wail Adjustment have 

revealed that the wall streamlines selected by this method are 
satisfactory- - 

V7ake sixrveys behind an airfoil model in near free air conditions 
and in SSOT are roughly the same* Imperfections in the test 
environment prevent a more positive claim. However, the surveys 
in SSWT suggest that a reason for lift data disparity may be the 
absence of zones of potential flow near the downstream portions of 
the flexible walls when the model was at a high angle of attack* 

2* Measurements of purely rotary derivatives with high blockage models 

in a streamlined test section agree well with theory. 

3* The operating mechanics and the empty-test-section 

the new transonic flexible walled test section have proved 
s ati s f acto3:y . 
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SYMBOLS 


a 


G 


M 


h 


M 


q 

R 

U 

X 


a 

e 

Suffix I 
C 


Lift curve slope 
Model chord 

Chordwise force coefficient 
Pressure drag coefficient 
Form drag coefficient 

Lift coefficient 

Pitching moment coefficient about airfoil leading edge 

Change in or due to pitching 

Normal force coefficient 

Test section height 

Freestream mach no. 

Dynamic head, or rate of pitch. 

Chord Reynold's number 
Local velocity 
Reference velocity 

chordwise position dovmstreasi of leading edge. 

Angle of attache 

Compressibility factor ^ / 1 - 

Incompressible 

Compressible 
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APPENDIX A 


Listing of the SSOT software WALLS .WALLS 2 , WALL PI and WALL P2 


WALLS 
WALL P 


is used to analyse the wall adjacent to the airfoil suction surface, 
for that adjacent to the pressure surface* 


DATA 

WALLS 1 WALL PI 

90 60 

140^50 110,120 

170,180 140,150 

200,210 170,180 

230,240 200,210 

.250,260 220,230 

270,280 240,250 


test section reference pressure (inches alcohol 
below ambient) , ambient pressure (inches mercury) , 
temperatxxre ^ 

sixteen jack position readings (inches) with walls 
curved* 

sixteen values of boundary layer displacement 
thickness (inches) at wall orifices, empty tes 
section, correct unit Reynolds number* 
jack positions (inches) , walls straight 
v;all pressures, inches alcohol below ambient 
wall orifice positions measured downs treia (in 
inches) from wail leading edge* No orifices at 
0*27 and 39.88. 

wall position monitor points. 0*57 is upstream 
anchor point 


PRECEoma 


PAGE BUNK NOT- 



PAGE 

OP POOB QUALITY 


WAf..LSJ. 

.10 r-OHMDN 0(49) ??•.(<!!?> ?nc.i,;) kW (3^) (3) 

3(J PRilNT ‘RUN 25U‘ 

♦)0 PR TNT 

UO PRTN1 ‘ STATION ‘ y •' l-riO" 

90 riA'lA J»;U')yS9,07y.lS 
JOO l“(iR fiS-I .’TO 3 
JJO Rfc.AD n(A2) 

.120 NI:.XT A2 
130 .data o 

;140 .DATA * :l5Sy *244f »32;.{y < A'->1 v , S38y ♦G73y ,«;l » .623 
1-5Q DATA .63?y .U92y 578. .5 L3y .48?y .378? .315? .038 
:130 DATA 0 

:i 70 .DATA . 023 ? .. 036 ? •• 044 ? < 053 ? . 055 ? . 058 ? . 06 1 ? . 063 ? .066 ? . 068 y . 071 
:lSO DATA .073-y . i^6? .081 ? *008? ,097 
190 .DATA 0 

200 DA I A ♦ 09 6? t 12? . .1. 18? c 12 y'TlOT!} ? ♦ 1 36 ? , .! 3 J ? 4 1 16 ? » i 32 ? . 106 
210 .DATA . '3? *1,1,2? .133? .108? . 135?-. 062 
220 -DATA 0 

230 DATA 3*15?3.16?3,2y3.3?3.37?3*47?3.5S..3463 
2.1 0 DAT?!i 3 * 61 ? 3 . £5 ? 3 . 4 4 ? 3 * 36 ? 3*3 ? 3 . 2 J. ? 3 , 2 ? 3 , 26 

250 .DATA . 27 ? 5 4 T9 ? 10'. 07 ? 13 . 09 ? :l 6 . 04 ? 1 7*05 ? 1 8 . 05? 1 9. 02 ? 20 . 05 ? 21 . 0 4 

260 DATA :?2,04?73x()U?24*04?25.04?27*05?30*06?34.04?39.B8 

.270 DA i A 0 i 27? 6 . 27 ? 9 * St*! ? 12 » 9 ? 1. 5 * B6 ? J 6 * 88 ? 1 7 * S7 ? 1 S . 84? 1 9*9? 20 » S9 ? 21 * 89 

'280 DATi! 22. 87? 23 *89? 24. 88? 26. 9? 29. 9? 33 *88? 39. 88 

290 FDR A5~l TO 34 

300 READ U(A5) 

310 NEXT A5 

3.20 FDR A7~l T(i 18 

330 READ CCA7) 

340 C < A7 ) •-(.•! ( A7 ) -C ( A> ) 

350 NEXT A 7 
360 F(3R A6V-1- T0 18 
370 IF A6=-:l THEN VOf 
380 IF A6----;i8 THI-N 900 
390 READ M(A6) 

400 WF.Vr A'6 

410 FUR- A0~-1 TO 18 

420 REA.D r(A8) 

430 Z < AD ) ■ -;f 9 4 991 -Z ( A8 ) 

440 i\'E> T A8 

450 For A9H1 ‘to 1.8 

460 RE(<D X(A9) 

470 X ( A 9 > =- 1 9 , 99 1 -X ( A9 ) 

480 NE> T A9 

490 Ol-' At 2)^1 *022855/(273. 15FA( 3) ) 

500 FOR Bl)’’! TO. 16 

510 .8==0 

520 X8=--Z(.D;l) 

530 X9™Z(B1-M? 


A2 



fJ40 f 3 * 280B4!K ( « (FI) * 54™ (..11. 94:KA ( . 1 . ) ) ) /M ) " . 5 

550 U9--= ( ? f 2808-1 X ( M < 0:1. i:l ) *2 . 54™ < . ;l. :l 94 XA U ) ) ) /HI. ) . 5 
56 0 mr«- i .?.;: <U9~ U8 ) / ■ X9--XS > 

570 U7~ ( Li8-:-UV ) /2 
580 ea TO :'.090 
590 FOR I .=••!. TO 1.5 
600 X.!.=.-X(I> 

610 X2==Xafl.' 

620 X3«XCr K->> 

650 X4-=X(H-3> 

6r4-i--— ' 6: l. --r 

65 Y2 Ca+:f. ) 

660 Y3- C:<H-2) 

670 Y'li-l.lCC’fS) 

680 :i;i" .i;>j. thun 70o 
690 

700 IU.1SUB 920 
7:10 >F I:i<X3 THEN 770 
720 ’1 =Y ■T.'- C A2 j!< ( C Il-X 1 ) '"3 ) ) + ( B2 1< ( :i' .1 ™X4 ) ( I! 1 X4 ) ) T ( C2* ( T 1.-X4 ) 
730 D(20-n)«Y 

740 PRirNT 
750 

760 80 TO 

770 IT :C-==15 THEN 84o 
780 NEj;r i: 

790 D4~Li(L) 

000 FOi;* A6=«l TO 39 
8.10 D<Ao3 =J:i(iV.V --J£:i4 
820 NEXT A6 

830 80 TO 860 

840 IF a =-'20 IFN 790 

850 80 TO 720 

860 FOR A7™40 ri) 49 

870 D(A7)==3D<39) 

880 NEXT A 7 

882 U8-~ < 3. 280i 4ii ( A (1 ) . 54™ (.11 94«A ( ;1. ) ) ) /Dl ) . 5 

.?83.M:i-=5.4/12 

8S4 'M.2= < U8;CK15; D J.$32 . i.S::d. . OOOOOET06 ) / < 1. 1 . 52f . 034^<A C 3 ) > 

886 PRINT 

I'.PO PRINT "RC-“ ^12 

890 80 i'O ;1300 
900 M<A6i™AU) 
v;LO GO Tf) 4<:)0 
920 X‘5“X3~X4 
V?4> :-:6~-X?.-X4 
940 X7™X1-X4 
950 Y5™Y3 “Y4 
960 Y6-Y2-Y4 
970 YV~.YJ.-Y4 

‘■■SO T1 C:59X5~(X''j’10:5JSt<5>/X6 
990 P3 -:<7^Y.7-< a^X7t.<7'f/'Ai. 

1000 C.t.---XS-(Xl 1^.<5TX5 '/(X6T-X6) 

3 0:l0 C3^'0:7™(Xy ■•■<7^:;X7>/(X6>'^X6> 

1020 7:' 0-3-V6.: i. <5:>t>;;:KX!..;)/(X6.';<X63!<X6) 
i.030 7:0=Y?-'Y6.+ V TVOXV ;:X"‘')/(;<6 j::X6M;X6) 

•I 040 C2-- ( { > /m ) z:5 

1 050 C2~'C2/ {(<1.1, liBS ) / B1 ) -DS ) 

•f.060 02--C/l-(r2!<C:!.) )/B,l. 

L07<‘' A.2--1 ( <: Y(?™ ( ) ™0Y75};X5 ) ) / ( xuskh-kxs ) 

:L080 .return 

1070 |■■•0R {'i:l.-=3 uOOOOE-04 TO ;l RiFP 3tOOOO<)E;-0-1 
i 100 H2"=(U7:’<M.. SICi >;-:;52 iStJ:1 .00(.‘'OOF-i-06^>/( ;l 1.52} .Oi-TMCS) ) 

,l;i. 10. M3 .*{ , 0;l ( (N.2.>-- . 25) ) 

'0 -.1 H3 -3.' ••J-i.U.W nv 
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:i .1.30 

}<f-' 

M i 

fi:l. 
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{1 + ;U. 
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1 ~>60 

Ni-x r 
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X.'70 

J;UJ 

j 
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:i. .00 

UtAX 


I..H2" 




WcVLLS2 

.10 CUMriUN UC4V>>8(4{.0 fi (!.0/s-W(34),iH.lD)A'<.L{Oi-Z<:U3;^A(:^) 
•’0 li>s.1. ►OOOOOE -O;*. 

^0 K~ !. . 4 
•^Ir; PR.ti'JT 
10 

'0 PFaNr 

c!90 FOK’ TO m 

?U0 S < A ■ .- K ( r.i f n i •, :L > -D < A 3 ' ■ 

910 M,"\T AX 
•y.‘;o ;’9-o 

930 F*;;- rv-^x TX- iOO 
V40 H'iOiTi ,-■? 

9ri0 P'6-~0 
‘>60 P<<v .• 

970 r<ji‘ fJ-X TO 
ViJO FJ -0 
990 F.i~F4{-i-(N> 
lOOO !'1~;0(NT1) 

I0:).0 F2- Y1 
U-20 FDR P^ J. TO 10 
XO30 F3™Yi/(iV-P-. *i5) 

.to/F) F<L >-Vft'KF3) 

X (»50 !" ‘~i-H L F > X<F4/P i: 

Xo6(; F.T«F2-,FS1 
10.70 NIfXr I- 

:I .080 IF ( I- i™F.V.).Y(F;I.--r;.') /'•'.SiFrO ri-lFN 1.X70 
.1.090 F4«FX 
:l,;'.00 NEXT N 

xixo .i;f p4'=o-' T liFN :uao 
;i-i2o pRrxrr zf 

1J.W Z9-=(f 

XI TO NEXT !'7 
■USO £.!«<) 

;l.160 PO mT 1202 
1J7<X F.'.~J 
:U.SO 7V“79TI 

1 X 70 S <. N ) «-! < < iX > ■{ >• -■ F.2 -F .1. .- ti > 

.1.200 60 TH 980 




A4 



1?10 


PRXNT " » » , , . r n 
PR TNT "HO.“r" P 
FOR N,l.*=.' rO -'iS 


6 t ^ t fr t t " 

t!Ei iM i H •' 


.U-2<' PRINT K'.U{;(N;l. ) 
i:.3o NRX) NJ 

:L23,' FTM -n ■' STATiLiN “ “ p “ CPT " ? “ CPh‘“ s< “ 
;i23y 4V r? 
ij37 p<f.=-./< 

J.ab’0 C7 0 

:l.260 ce-0 

1270 FUR R -I Tf.i W 
X180 T1=C' - -:f ,1“ 

I2‘?0 T'i=--P(R);m 'T 
1300 IF MCI. THI i 1460 

1310 ;i;f M>4a ti i ,‘j ,i.460 

L 320 T3“ <» ( Q ) > '•' a {• ( T I *'l ,1 ) 

1330 T4-='T2/T3 
1340 C7~b/-fT^ 

1350 /F G-.:i TH!::i 14B0 
1360 .IF Q’>':3 TR-'N :US0 
1370 T5.-- F ( iO S(C}:-. < M > >/PX 
1330 T6--15/T3 
,1390 GR--i.'3fT6 
J400 NfcXT R 

.1410 C9--M--2>^(.T7)-Ur75!‘:p7)~( C8.{iC'8) 

.14.20 .IF APnC U9-U>-P6)<^3 THEN 1.860 
1430 PRINT Q-1S',“ « ?C9 
1440 NEXT Q 

1442 FOR R2=2 10 17 

1 443 W { R;> ) ■ "W ( R2 > TM ( R.2 ) 

1446 NEXT R‘2 
1430 00 lO 1500 
1460 ..T3~TJH<T:l. 

1470 on TO 1330 




1430 

1490 GO TO J.300 

1500 FOR R3“6 TO 13 

1610 N<K'3-1 )«W(R3-"1 >Ti'KR3)/3 

1 5?0 W ^ R3-!- '. ) i=W ( R3-M ) PH ( R3 ) /3 

1530 NEXT R3 

1540 PRINT 

1 5'4!t5 PR IN r " JACK " !• “ SET NEXT" 

I. 550 FOR R4“2 TO 17 

J. S 52 W ( R4 ) =•■■■ J. 000>!:i.J ( R4 ) 

133-1 W(Rl)-"INT(WlR4) ) 

1 536 « ( R4 ) “IJ < R4 ) ''1000 
1560 PRINT R4~lyU(R4> 

1570 NEXT R4 

1575 PRINT . 

15B0.G0 TO .1920 

1860 C8~<A<i)-Tf(29) )/( »953>KAa) ) 
1870 PRINT " 'p79-lt-£::9i'CB?t:9~CB 
1872 X(Z9) = ( (l-f.9>''t5)~( (i“C8)'"*5) 
1S75 N(.Z9>-»5JkCC;9"'CB) 

;l,880 79” 2941 

1890 IF 29=13 THEN 1440 

1900 P6=-Z(29) 

3 910 GO TO .1.440 


I-R 


ii 


AS 



.1.920 PR .TNT 

;t.92;l. PRINT *’ EMO"?" ERF” 

1922 FOR E4--2 TU 17 
1930 PRINT E4~i f C(E4) pXO 4) 
1910 NEXT EA 
203 0 i-Nn 


WAULPl 

10 L'OMHON C<18> W ( 34 ) vX ( .*.8 > y 2 (18) i- 0 <3 ) s-H (S9) yS(58) ? it< IS) 

20 PRINT' “RUN 2';i5'” 

40 

60 TIATO 3■^l^&-p29^97?l:i) 

70 FOR A2»J. T'O 3 
80 READ A (AS) 

90 NEXT A2 
100 HATA 0 

.i. i 0 IIA TA , 01 !• . OOS-y 0 .i 9 ? - ,1)45 ? » , Oil » ~ , 055 y , 037 » , 01 ’3 
120 BATA ,D22y ,021y ,0(fxy .063? ,006y »lly »186y ,093 
130 BATA 0 

■i 40 BATA , 023 y , 036-y , 044 ? , 053 y , 055 y , 058 y . 06 1 y , 063 y , 066 y , 06S y ^071 
1 50 BATA , Q73y , 076 y , OBI y ,088 ; , 097 
360 DATA 0 

370 BATA ,085y = J.4r ,375y f234y,226y ,228y..238j,24 
130 BATA ,249y ,224y ,245? .239 r ,256y ,247y ,268y .116 
,l90 ‘DATA 0 

200 DATA 3,a6y3,.l6y3,J.y3y2,94y2,92y2.93y2.99 
210 DATA 3 . 05 :• i , J 2 y 3’, IV y 3 , 15 r 3 * 1 3y 3 , 16 y 3 , 17y 3 , 24 

220 BATA , 27 y 5 . 99 y 10 , 07 ? 13 , 09 y 16 ,0 4 y 17 . 05 y 1 8 , 05 » .1.9 , 02 r 20 , 05 y 21 , 04 

230 BATA 22 , 04 .• 23 , 05 ?24 , 04 y2b . 04 y 27 ,05 y 30 , 06 y 34 , 04 y 39 , S3 

240 -BATA 0,27yo,27y9,i:6y3 2,9y 3 5,B6y3 6.08yl7,87y '!8,84y 19,9y20,89y23 ,89 

250 DATA 22 , ‘87 5 23, 89.. 24, B8 y 26, 9 y 29, 9 s 33, 88 y 39, 88 

260 FiTR A5~l TO 34 

270 RFIAB W<A5) 

280 NEXT A5 

290 FOR A7--:i TO 18 

300 READ C(A7> 

310 C<A7)“W<A7) -C(A7) 

320 NEXT A7 
330 FQR A6=l TO 18 
340 IF A6=l THEN 870 
350 IF A6"18 THEN U70 
360 READ M<A6) 

370 NEXT A6 

330 FOR A8™1 TO IB 

390 READ Z(A8) 

400 2(A8)~19,991-Z(A8) 

410 NEXT AR 

-T20 FOR A9=l TO 18 

430 REA.li X(A9) 


A6 


PAGE W 
Pi: POOR OUAliM 



440 X< A9)=3.9<Vy3 -XCfty) 

4S0 NI'X’1 A9 

4<A0 0 :l ='A < 'J ) * * 0 ( 27:^ t ,!.5-f ft < 3) ) 

470 FOR Bi.==:i. r .. •I-'' 

480 S~0 
490 Xy=Z(ft1. ) 

500 X9:=i! 

5iO U8--' ( 3 , 2808 4 K ( M < BJ ) >l<2 , '..74- < . 3 1.94>!<ft ( .U ) ) /m ) '” * 5 
520 U9-- < 3 < 2808 4..' ( f-i < B3 + i. ) ;j 2 1 S4~ ( » 1 :l94-'!£ft ( I. > ) ) /B:L ) " ♦ 5 
530 li2~“12)i<<U9 U3y/CX9->aj) 

540 U7-==<US i-U9) 

050 00 ro 1670 
360 FOR TO t5 

570 X3=XCn 
580 X2'=-.;'< C-Fl) 

590 X;v=X< |. F2> 

600 

610 Y.l.---=C(I) 

620 Y2»ca4:n 
630 Y3-r<IF2) 

640 Y4;-iC<XW) 

630 IF I>1 THEN 670 
,760 

670 GQSLJn 1500 

• 6 8 0 TH&\*-E?-^K 

,490 Y-"Y4f •; I1.~X4 r'3^ )±.CB2?CI1~X4M<< J1-X4) )-}-(C2JKai“X4) > 

700 B<30-ri>«Y 

71.5 Tl- Y<^2 THEN '900 

720 :ri.--;n.“i 

730 GO TO 680 

740 i.F 1-->=15 r'HL-N 810 

750 NEXT, I 

eiO IF Il=-20 THEN 830 
S20 GO ro 690 
Q30 I- OR .A7='50 TD 59 
340 )Ci<A7)=-.B<49^ 

850 NEXT A7 
960 GO TO 91.1. 

870 M(A6)==AC1) 

880 GO TO 370 
900 22=Y 
<’•10 GO TO 720 
911 FOR E3=*l TO iO 
913 D(E3)=rt{ll) 

.915 NEXT E3 
920 PRINT 

<721 PRINT ".8TA»'‘>"- EMO" 

925 FOR Z3-=l FQ 59 
930 jfK73)=)CKZ3)”7:2 
932 IF 73 <10 THEN 950 
934 IF Z3>50 THEN 5 950 
940 PRINT 30-z;.pi:i<:.zr5) 

950 NEXT 23 
960 GO TO I 860 
ISftO X5=X3 "a4. 

1510 X6=-X2”X4 
1520 X7-K.I.-X4 
1530 Y5 '=Y3-¥4 
1540 Y6^ •Y2-Y4 
1550 Y7-Y1-Y4 




A7 



:l :.jrtO B:U^ ( X5>[:Xl:;>!;X:.i ) /.X6 

J. 570 B3:-X7S:X7- ( X7S<X7Sa7 ) / XA 
■}. 58 0 f; 1. =X 5 •" ( X 5'};x 5>f:x 5 ) / ( X ) 

J. 590 fX';-=A?~ < X7!i^X 7.::X7 J / < X 6^X6 ) 

1 600 7. j. VL" --rAJK (X 5A’<X5}icX5 ) / ( X6»X6*X6 ) 

I. 6:(,0 Z'V-r; -r6*-<X7>::X7>:-X7 ^ /< X6'-^X6tX6) 
:l 620 C2-= ( ( Z .1. ;!tB3 ) /B J. ) --73 

J. 650 C2~ 02 ' ( < ( C I *B 5 )/ P. I. ) “C 3 ) 



1.640 B2~=(2.L“<C2iC.l ) )/i-<;i 

1650 M •< <Y5- (D2;!:X5f!-X!-.>--C-25KXS) )/<X5^.Xn;KX5> 

1660 RETURN 

1670 FOR .'■]l=3.t.)OOOOE~04 i'U 1 SIEF 3.00000E-04 

1680 M2 -•(lJ7iKN1..{<riI>K32< lOiiCl. .O0000l!:}06)/<U *52+ t03<5Jl?A(3) ) 

.1.690 M3 ■( *0:1.28.-'-: CM?)- . ) 

1700 Hl -=M3”3*4::.MJ>i<lf2, U7 
1710 M^i=-MS-K&.U<< <8“X‘ >/24) 

.1.720 IF iM 4>H:L ritHN :i.^40 
1730 GO rn .1.78(1 


1740 IF 8-0 THI-iJ 1760 
.1750 on TO 1810 
1760 NEXT Ml 


1770 GO TP 1680 
1780 8=-;l 

1790 N.L-Ml-1 c OOOOOE -05 
:ISOO DO TP .1680 


IBIO M5«'9!<M4“-M’=‘; 

J 820 .09-M (B 1+1 n ( 1 A ♦ tJSCMS A- 
.1830 P >+H9 

1840 NEXT B:l.' 

1350 GO TO 560 
-lS52-79-=C(Bl-M) 

1854 08 "10 1840 
1060 CHAIN "UALLP2" 

1870 ENB 


WAI..LP2 


3 0 COMMON G<18 • y W C34 ) y X( .1.8) .2( 18) riU3) ylKSV) »B<bS) yM(.U3) 
■20 TO~.l ,O0000r-“O3 
30 K"-J. »4 
AO PR.CNT 

50 PR.TNT ”WALLP2" 

60 PRINl 

70 FDR iVL-J. TO 58 

f:u 8(Al)™(BCA;lf.!.) "B(Al) ) 

90 NEXT A1 
3 00 U2-“D<1> 

:l.LO Z9--=0 

;!.20 FOl^ P7™1 rn lo^.* 

130 praNT P7 
140 Fa-.LJM- 
.1.50 P6=-0 

.160 FOR N™1 TO 58 

.1.70 Fl-0 

180 ri:-4-61 SCN) 

190 Yl-«.B<Nfl) 


A8 





200 F2"Y?. 

'iU' FDR P=- ;l TO 50 
220 F3 V.-l./CNHM -^5) 

;y^0 FVj.:,TfN<F3) 

200 4/Pli; 

250 F2--l2-lF-i? 

2. j 0 Ni.-;.T P 

:ivo TF ( (!”:t.~F2>v(F:i. -<••.?;•;■ t -;'--ro ri:L-.r.: -.•■/■o 
;:>oo F<'.~-ri 

290 NEXT N 
:00 JF rf-0 TMU.N 3^0 

3. L0 FRXNT 19 
320 ZV=-0 
330 NFXr I •7 
.>/!(> L;l»0 

350 HD ID -40.0 
■S6C) PYis-J 
:^7(V Z9 ',t>'9.m. 

■iW) ft ( N J "8 < N ) ■>,■ \ ( F2-F j. ) ;i K ) 

390 C>U rU 3.70 

400 PRI N f % » ^ » -V 80UI :i;r„H f " 

4 3 0 1 -RTF r ‘I'lO, ■ ; “ -8TkE?!DTH ■' 

4?0 l Oi-: N T I 58 
430 PRINT NlcS.'f .1 
440 MEXr K<3 

450 PRINT “ nAt;cnN"y“ dp:[“?" 

-f60 "£9-2 
470 F6--H7 9'! 

480 FOR 0-=:-S TO 4 5 
490 C'-'=--0 
400 C8-=0 

■■ I.O FDR R--.1. TD 58 
;■ >0 T.1.~I.0,5.-FJ+U 
530 .I 'pr . 

::.40 :i;f G'-;i riiF i 730 
5 . 0 r.i-- ( . 0 1 0 ) ) " ? \ ( r:L -Y r i ) 

560 r4=i:vr55 
: 70 G7K:/Kf4 
! 40 IF M-O. T-HPN 730 
‘••90 T5-=4- ( r? ) 5''. an Q ) ) /'p:r 
600 T6---1 F</'fZ 
4 I.O f>i-D8IT6 
NEXT R 

630 n9=-'^f-2.'!<C7) •(C7Ji^D7)“{(;.WCf;0 

640 Xr ,)XF-:< (1.9 Q>~Pi.‘) :FF iHEh 890 

6‘^iO r-'R,i.('!T “ "n:.'9 

660 NEXT U 

670 FOR R-2==2 •p;i !.7 

6€KM-Ffl- 62) - »HX; R-2 > +:-1 <-R2 >- 

690 N("XT R2* 

/OO DU TU 750 

71 0 T3= m< .*.> >''?•! C T1. KTll. ) 

72:0 DO TO S6nO 

?30 T5-“S(R>:-:Oi<;I.).VFI 

V40 DO yO 600 

750 FDR R"' --6 10 13. 
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;3-K)“iv<lc;:<-U)-;K( 

RTO/;? 


i'!ir .T 
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Upper imaginary field 
over envelope of 
source flow 
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(lOInch) 

streamline 

extension 


Lower Imaginary field under envelope 
of sink/source flow* 

Imaginary fields ere Irrotatlonal, have 
test section reference properties. 


FIG. 2.1 ILLUSTRATION OF SOURCE/SINK REPRESENTATION OF TEST SECTION WALLS 
























FIG. 3.7 0012.64 AIRFOIL MIDSPAN PRESSURE DISTRIBUTIONS. 






















FIG. 3. 15 SSWT TEST SECTION FLEXIBLE WALL PRESSURE DISTRIBUTIONS, 
WALLS STPxAIGHT. 


















Wake ProFila 
NACA 0012-64 Section 

cx. = + 12° R 287,000 Chord = 5.4 Ins AR = 2.22 

C 


• Transverse Plane : 1 .25 chords downsfream of model t e. 



FIG 4.1 SSWT WAKE PROFILES FOR NACA 0012-64 SECTION, ' cx= + 12° 


Wake Profile 

NACA 0012-64 Section 

o^=+6° 287,000 Chord = 5.4 ins AR=^2.22 

Transverse Plane : 1,25 chords downstream of model fe 
0.9 inch off model mid -span 



FIG. 4.2 SSWT WAKE PROFILES FOR NACA 0012-64 SECTION os= +6° 



Wake ProFi! es 

NACA 0012^64 .Section 

Chord ==5.4 Ins AR = 2.22 R :2l 287,000 
Traverse plane - 1.25 chords downstream of model t e. 
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Wake Profiles 
NACA 0012-64 Section 
6^ Chord = 5.4 Ins 

Transverse plane: K25 chords downstream 
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Force Ccefficienh 
NACA 0012-64 Section 
- 12° AR = 6.666 
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+ LTPT Data 
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FIG . 4.9 REYNOLDS NUMBER EFFECTS ON NACA 0012-64 SECTION 
FORCE COEFFICIENTS. 




(i) Wing model (Span 0.91 m , AR 6.66) mounted in 7 x 5 


test section 





show uniform flow over the complete span. 


FIG. 4.10a NACA 0012-64 SECTION TESTS IN 7 x 5 WIND TUNNEL. 
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(iii) General view of wing model mounting to the 7x5 three component balance, 
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Edge 


(iv) Flow visualisation of 3-D effects present on the suction surface of the wing 
model at cx= 12° 


FIG . 4.10b NACA 0012-64 SECTION TESTS IN 7 x 5 WIND TUNNEL. 
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FIG. 5.1 RATE -OF - PITCH DERIVATIVE MEASUREMENT BY FLOWFIELD CURVATURE 
AND WALL STREAMLINING. 


FIG . 6.1 TRANSONIC SELF STREAMLINING TEST SECTION 
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